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doi:10.1016/j.pedneo.2012.01.007Objective: The purpose of this study was to evaluate the nationwide stillbirth rate and explore
the potential risk factors associated with stillbirths.
Patients and methods: Data from vital registrations during the time period from January 1,
2001 through to December 31, 2004 in Taiwan were used. Stillbirth was defined as fetal death
with more than 20 completed weeks’ gestational age (GA) or with birth weight more than 500 g
if the GA was not known.
Results: There were a total of 8481 stillbirths identified nationwide between January 1, 2001
and December 31, 2004. The stillbirth rate was nine per 1000 total births in the study period,
and the proportionate decline was nearly 48.8% in the most recent decade. There was a signif-
icant increase in average maternal age during this period. Advanced maternal age and teenage
pregnancy were independent significant risk factors for stillbirths even after accounting for the
effects of medical conditions that were more likely to occur among these particular age
groups. Those fetuses that had been exposed to cord prolapse, maternal cervical incompe-
tence and oligohydramnios/polyhydramnios were especially vulnerable. By contrast, woment of Pediatrics, National Taiwan University Hospital and National Taiwan University College of
ad, Taipei 100, Taiwan.
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106 I.-J. Hu et alwho had foreign nationality, fetal ultrasound surveys, fetal heart beat monitoring and
hastened parturition were less likely to have stillbirth.
Conclusion: The stillbirth rate in Taiwan has remained high despite advancements in medical
care. Prenatal evaluation of high risk women may decrease the adverse fetal outcomes.
Copyright ª 2012, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Stillbirth, the death of a fetus late in pregnancy before the
onset of labor, accounts for two thirds of perinatal deaths.1
For international comparisons, the World Health Organiza-
tion (WHO) has defined stillbirth as fetal loss beyond
20 weeks of gestation, or if gestational age (GA) is unknown
with birth body weight 500 g.1,2 It is estimated that
worldwide, 3.2 million babies are stillborn annually; the true
incidence is probably higher because of the limitations of
available data and the fact that stillbirths are under-
reported. Up to 99% of these stillbirths occur in developing
countries, with half (51%) occurring in India, China, Pakistan,
and Bangladesh.3 Despite higher numbers of stillbirths
reported in southeast Asian countries, data on this topic from
this area have been scarce. The rate of stillbirth has been
thought to be declining during recent decades in Taiwan.
However, the nationwide fetal death data had not been
routinely recorded in Taiwan up to the present time. The
estimated stillbirth rate in case control studies was reported
to be 57/1000 total births during the mid 1960s to 1970s and
around 17.6/1000 total births from 1991 to 1996,
respectively.4e6 Preventing stillbirths is of great importance
in improving global child health, which is the fourth goal in
the Millennium Development Goals proposed by the United
Nations.7 Understanding the risk factors for stillbirth will
help obstetricians design effective interventions for the
fetus. Early identification of those women who are at risk of
stillbirth will help the provision of targeted antepartum
testing regimens to improve outcomes.
The National Health Insurance that has operated since
1995 in Taiwan has greatly enhanced the accessibility of
prenatal caring programs to pregnant women and compre-
hensive prenatal care to motherefetus dyads. The objec-
tive of this study was to examine the nationwide stillbirth
rate and explore the potential risk factors for stillbirths in
Taiwan.Table 1 Changing patterns of maternal age for stillbirths
in Taiwan, 2001e2004.
Maternal
age (y)*
2001 2002 2003 2004 Total
<20 2.3 2.1 1.8 1.6 2.0
20e24 19.8 19.5 18.7 17.4 18.9
25e29 35.1 35.4 35.4 35.6 35.4
30e34 30.4 30.4 30.9 31.5 30.8
35e39 10.7 10.8 11.3 11.9 11.2
40 1.7 1.8 2.0 2.1 1.9
Data are presented as percentages.
*p < 0.0001, Chi-square test.2. Patients and Methods
Stillbirth was defined as stated above. GA determination
was mainly based on the last menstrual period or ultra-
sound examination. The nationwide stillbirth rate was
estimated from the data of birth and stillbirth certificates
obtained from vital registration in Taiwan. The vital regis-
tration statistics have been documented by the Ministry of
the Interior since 1978 and have been annually reported by
the Bureau of Health Promotion since 1998. We studied the
populations that included all stillbirths and live births
during the time period from January 1, 2001 to December31, 2004. This study was approved by the Institutional
Review Board of National Taiwan University College of
Public Health.
The maternal characteristics and the obstetrical and
prenatal antecedents between live births and stillbirths
were compared. Student t test, Pearson’s c2 test, and
Fisher’s exact test were used appropriately to distinguish
the characteristic differences between study groups.
Logistic regression analysis was used, and odds ratios (ORs)
were calculated with 95% confidence intervals (CIs) using
a low-risk reference group before and after adjustment for
maternal sociodemographic characteristics to evaluate the
effect of each maternal and fetal clinical characteristic on
the risk of stillbirth. The population attributable risk (PAR)
was calculated for each significant risk factor OR estimate
and the prevalence of stillbirth cases by using the following
equation:
PAR Z proportion of cases exposed to the factor 
1000  (OR1)/OR.8,9 All tests of hypothesis were two-
tailed, with a type 1 error rate fixed at 5%. All calcula-
tions were performed using SPSS version 12 (SPSS Inc.,
Chicago, IL, USA) for Windows.3. Results
There were a total of 8481 stillbirths and 932,497 live births
between January 1, 2001 and December 31, 2004 in Taiwan.
The stillbirth rate was 9.01 per 1000 births. There was
a significant increase in the advanced maternal age during
the study period in Taiwan (Table 1). Both mothers older
than 40 years (OR Z 2.98; 95% CI 2.67, 3.32) and pregnant
teenagers (ORZ 2.57; 95% CI 2.29, 2.89) had a significantly
increased risk of stillbirth compared with mothers aged
25 years to 29 years. Maternal age was significantly asso-
ciated with adverse fetal outcome even after taking into
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(Table 2).
Multiple gestations have markedly increased the risk of
adverse fetal outcome. The adjusted risk of stillbirth was
increased by three and six times for twins and triplets,
respectively, compared with singleton births. There were
52.3%males and 47.6% females born during the study period.
Fetal sex had no significant association with stillbirth. Non-
Taiwanese mothers including women from southeast Asian
countries and mainland China accounted for 12.6% of our
study population. Foreign women (OR Z 0.67; 95% CI 0.62,
0.73) conferred an independent lower risk for stillbirth than
Taiwanese women after adjustment of maternal socio-
demographic and medical characteristics (Table 2).
Mothers with a previous history of preterm/low-birth-
weight delivery or delivery of a giant baby had a higher risk
of stillbirth for the current pregnancy. With regard to
maternal medical diseases, pregnant women with cervical
incompetence, oligohydramnios or polyhydramnios, Rh
blood type incompatibility, or chronic hypertension or
hypertensive disorders of pregnancy had adjusted odds of
stillbirth several times greater than those of women
without these conditions before or during pregnancy. These
associations remained unchanged after an additional
adjustment for maternal age, ethnicity, parity, fetal sex,
and GA (Table 3).
The presence of obstetrical complications greatly
increased the risk of stillbirth including umbilical cord
prolapse (OR Z 12.7; 95% CI 9.38, 17.2), abruption of
placenta, maternal fever, and premature rupture of
membrane (latency > 12 hours). In addition, antepartum orTable 2 Risk factors for stillbirth within categories of materna
Maternal
characteristics
Stillbirth (%) Live birth (%)
N Z 8481 N Z 932,497
Maternal age (y)
<20 4.1 2.0
20e24 16.3 18.9
25e29 29.2 35.4
30e34 28.4 30.8
35e39 17.1 11.1
40 4.8 1.9
Ethnicity
Taiwan 91.9 87.4
Foreign 8.1 12.6
Fetus number
1 90.9 97.4
2 8.6 2.5
3 0.5 0.1
Fetal sex
Male 51.2 52.4
Female 44.5 47.6
Unknown 4.3 0.0
* All odds ratios (ORs) adjusted for maternal medical conditions incl
diseases, hypertensive disorders (chronic and pregnancy related), ce
preterm/low-birth-weight delivery.
y The OR further adjusted for maternal age and multiple gestationsperipartum hemorrhage (OR Z 1.85; 95% CI 1.48, 2.31),
meconium stain of amniotic fluid, placenta previa, and
breech/malpresentation were associated with stillbirth
(Table 4).
The PAR of the most common identifiable maternal
factors of stillbirths were oligohydramnios and/or poly-
hydramnios (29%), followed by cervical incompetence
(16%), anemia (10%), and previous birth of a preterm or low
birth weight infant (8%) (Table 3). For stillbirths grouped
according to prenatal characteristics, the largest propor-
tion of fetal deaths was ascribed to premature rupture of
membrane (49%), followed by abruption of placenta (22%),
breech and/or malpresentation of the fetus (15%), and
maternal fever > 38C (14%) (Table 4).
On the other hand, pregnancy with cephalopelvic
disproportionate, poor labor progression, and prolonged
labor was each associated with a decreased risk of still-
birth, with an odds ratio of 0.06, 0.17, and 0.21, respec-
tively (Table 4). Also, there were protective effects
observed for those women who had undergone fetal heart
beat monitoring by cardiotocography (OR Z 0.48; 95% CI
0.44, 0.52), hastened parturition (OR Z 0.62; 95% CI 0.56,
0.69), and prenatal fetal ultrasound examinations
(OR Z 0.93; 95% CI 0.87, 0.99) after adjustment for
potential confounding factors (Table 5). Prenatal inter-
ventions such as induction, chorionic villus sampling,
tocolysis, cervical cerclage, and amniocentesis were all
found to be associated with increased risk of stillbirth.
The incidences of congenital anomalies among stillbirth
and live birth groups were 24.4% and 0.7%, respectively,
with a significant difference between groups (Table 6).l characteristics, 2001e2004.
Total births (%) Adjusted ORs* [95% CI]
N Z 940,978
2.0 2.57 (2.29e2.89)
18.9 1.14 (1.06e1.22)
35.4 1.00
30.8 1.07 (1.01e1.13)
11.2 1.75 (1.70e1.87)
1.9 2.98 (2.67e3.32)
87.4 1.00
12.6 0.67 (0.62e0.73)y
97.3 1.00
2.6 3.41 (3.14e3.69)
0.1 5.50 (3.99e7.59)
52.3 1.00
47.6 0.96 (0.92e1.00)
0.0 681.4 (512.7e905.5)
uding anemia, diabetes (chronic and gestational), heart and renal
rvical incompetence, oligohydromnios/polyhydromnios, previous
.
Table 3 Risk factors for stillbirth within categories of maternal medical diseases, 2001e2004.
Maternal medical diseases Stillbirth (%) Live birth (%) Adjusted ORs* [95% CI] PAR (%)
N Z 8481 N Z 932,497
Anemia 19.34 6.93 2.15 (1.82e2.54) 10.34
Heart disease 2.83 0.96 1.98 (1.29e3.03) 1.40
Lung disease 1.30 0.30 2.29 (1.22e4.31) 0.73
Diabetes mellitus 6.96 2.15 1.50 (1.13e1.99) 2.32
Syphilis 0.94 0.50 1.87 (0.92e3.78) 0.44
Gestational diabetes 5.66 2.79 1.25 (0.93e1.68) 1.13
Oligohydromnios/polyhydromnios 31.36 1.77 13.9 (12.1e16.0) 29.10
Hemoglobinopathyy 6.37 0.54 d d
Chronic hypertension 6.49 0.64 4.67 (3.40e6.43) 5.10
Pregnancy-induced hypertension 13.21 4.10 1.92 (1.57e2.35) 6.33
Eclampsia/preeclampsia 13.32 4.02 1.76 (1.44e2.16) 5.75
Cervical incompetence 16.74 0.65 17.1 (14.0e20.9) 15.76
Previous delivery of giant baby (>4000 g) 2.48 0.81 2.15 (1.36e3.38) 1.33
Previous preterm/low-birth-weight delivery 12.73 2.15 2.61 (2.09e3.26) 7.85
Renal disease 1.89 0.30 2.90 (1.60e5.25) 1.24
Rhesus isoimmunization 1.30 0.16 6.96 (3.65e13.3) 1.11
OR Z odds ratio; PAR Z population attributable risk.
* ORs adjusted for maternal age, ethnicity, multiple gestation, and fetal sex.
y Code of hemoglobinopathy was changed during the study period.
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During the past decade, stillbirths have declined by nearly
50% to 9.01 per 1000 births in Taiwan. Advances in obstet-
rical practice may contribute to the reduction in stillbirth
rate to some degree by preventing specific causes of fetal
death. However, epidemiological studies concerning still-
birth in Taiwan are scarce. This current nationwide surveyTable 4 Risk factors for stillbirth within categories of obstetric
Obstetric complication Stillbirth (%) Li
N Z 8481 N
Fever > 38C 18.04 1.
Meconium staining of amnionic
fluid
25.11 13
Premature rupture of
membrane >12 h
65.09 13
Abruptio placenta 26.18 3.
Placenta previa 14.15 7.
Peripartum hemorrhage 10.61 3.
Seizure 0.24 0.
Precipitate delivery < 3 h 11.91 11
Prolonged labor 2.00 10
Poor labor progression 2.95 16
Breech/malpresentation 70.98 40
Cephalopelvic disproportionate 0.59 12
Cord prolapsed 7.07 0.
Anesthesia-related
complications
0.12 0.
Fetal distress 19.10 11
GA Z gestational age; OR Z odds ratio; PAR Z population attributa
* ORs adjusted for gender, GA, multiple gestation, ethnicity, and mwith the calculation of PAR for each potential risk factor of
stillbirth might provide a more reliable estimate of this
important public health problem.
Our finding was consistent with the data of previous
studies that advanced maternal age was an important risk
factor for stillbirth.10e13 This study showed that the risk of
stillbirths of fetuses among mothers over 40 year of age was
highest and gradually decreased to reach a lowest points complications, 2001e2004.
ve birth (%) Adjusted ORs* [95% CI] PAR (%)
Z 932,497
98 4.77 (3.97e5.73) 14.26
.15 1.70 (1.48e1.96) 10.34
.01 4.07 (3.70e4.49) 49.10
13 6.20 (5.35e7.19) 21.96
03 1.46 (1.21e1.76) 4.46
27 1.85 (1.48e2.31) 4.87
10 1.16 (0.26e5.07) 0.03
.86 0.98 (0.80e1.20) 0.24
.16 0.21 (0.13e0.33) 7.52
.72 0.17 (0.11e0.25) 14.4
.65 1.27 (1.16e1.39) 15.09
.83 0.06 (0.02e0.14) 9.24
35 12.7 (9.38e17.2) 6.51
03 2.59 (0.34e19.8) 0.07
.25 1.12 (0.95e1.32) 2.05
ble risk.
aternal age.
Table 5 Risk factors for stillbirth within categories of obstetrics managements, 2001e2004.
Obstetrics management Stillbirth (%) Live birth (%) Total births (%) Adjusted ORs* [95% CI]
N Z 8481 N Z 932,497 N Z 940,978
Fetal ultrasound 117.09 125.25 125.17 0.93 (0.87e0.99)
Amniocentesis 70.63 12.66 13.18 3.26 (2.94e3.60)
Chorionic villus sampling 5.66 0.43 0.48 7.69 (5.45e10.85)
Cardiotocography 75.93 146.94 146.30 0.48 (0.44e0.52)
Induction 192.67 4.82 6.52 48.8 (45.7e52.1)
Augmentation 47.05 64.49 64.33 0.62 (0.56e0.69)
Tocolysis 77.00 12.36 12.95 4.39 (4.00e4.83)
Cervical cerclage 8.61 1.21 1.28 4.13 (3.17e5.37)
Laparotomy exploration 1.30 0.83 0.83 1.11 (0.60e2.06)
* Odds ratios (ORs) adjusted for gender, gestational age (GA), multiple gestation, ethnicity, and maternal age.
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with younger maternal ages. Such findings remained
unchanged after adjustment for potential confounders
including maternal medical and sociodemographic charac-
teristics. We found that the risk of stillbirth began to rise at
younger ages (30e35 years) compared to those previously
reported (  35 years of age).6 The reason underlying the
progressed stillbirth hazard in the younger population was
unclear. Stressful life styles, biophysical redox reactions
due to hazardous environmental exposures, and improved
health care for chronic illnesses in this particular age group
were some of our concerns that require further investiga-
tion. Despite the marked reduction in the rate of stillbirths
compared with the data in the 1960s and 1970s in Taiwan,
there was an upward trend in incidence of stillbirths from
8.5 to 9.9/1000 total births from 2001 through 2004. The
increase might be due to the improving national stillbirth
and neonatal birth registration system in Taiwan that has
been under regular surveillance and validation by the
Bureau of Health Promotion since 1998. Likewise, there was
also a trend of increased stillbirth reported in the UK due to
improved data collection system.14 In addition, the inci-
dence of stillbirth usually increases in rapidly industrial-
izing areas where women tend to delay childbearing. More
effort should be made on balancing industrial development
and the wellbeing of future generations.
This study revealed that the progressively increasing
proportions of immigrant mothers from southeast Asian
countries and China had potential impacts on obstetric
outcomes. The disparities of stillbirth hazard had been
observed between different race/ethnicities.15 The situa-
tion in Taiwan was different from that of most westernTable 6 Incidence of congenital anomalies among still-
birth and live births, 2001e2004.
Congenital
anomalies*
Stillbirth
(N Z 8481)
Live birth
(N Z 932,497)
Absent 6,415 (75.64) 926,459 (99.35)
Present 2,066 (24.36) 6,038 (0.65)
Data are presented as N (%).
*p < 0.0001, Chi-square test.countries. Despite lower parental education, advancing
paternal age, and spatial distribution disparity, babies born
to married immigrant mothers in Taiwan had favorable
neonatal outcomes. The non-Taiwanese foreigners had
a significantly lower stillbirth rate compared to Taiwanese
mothers after controlling potential confounders. Thirteen
percent of newborns are born to immigrant mothers
nowadays, and the rate continues to grow. The healthy
mother effect may have an influence on the lower inci-
dence of stillbirth among immigrant mothers.16,17 The
impacts on health issues may be shown in the overall long-
term outcomes in the future, and continuing observation is
warranted.
The relationship between fetal sex and pregnancy
outcomes remains unclear.18 We did not observe a signifi-
cant difference of risk for stillbirth between male and
female fetuses. However, fetuses with unrecognizable
gender occurred in the stillbirth group, therefore, the odds
ratio cannot be accurately calculated in this report.
Preterm delivery and small for GA had been reported as
risk factors for subsequent stillbirth.19 We found that
women with previous preterm labor and low-birth-weight
infant delivery had increased stillbirth risk, with PAR
around 7.9%. This was higher than that of a previous
report.20 We also observed a positive correlation between
history of delivering large infant and stillbirth in later
gestation. The exact mechanism of how the previous
pregnancy outcome influences intrauterine survival of the
following pregnancy is not well understood. One possibility
is that similar maternal conditions influence both gesta-
tions. Detailed pregnancy history should be provided
regarding the potential risk of subsequent pregnancy.
Cervical incompetence during pregnancy was signifi-
cantly associated with the risk of stillbirth. Cervical cerc-
lage therapy for women with short cervical length had
controversial results with regard to fetal loss reduction in
different randomized control trials.21 This study showed
that under the guidance for treatment of at-risk women,
there was still increased risk of stillbirths. Further study is
needed to investigate effective management of cervical
incompetence.
Abnormality in the volume of amniotic fluid, either oli-
gohydramnios or polyhydramnios, was a major risk of still-
birth, with an OR of 13.9 and PAR of 29.1%. Amniotic fluid is
110 I.-J. Hu et alprimarily composed of fetal urine and lung fluid that
circulates between the fetal body compartments, the
placenta, and the amniotic cavity, and is swallowed by the
fetus in late trimester. Several studies found that abnor-
mality in the volume of amniotic fluid in prenatal surveil-
lance was associated with increased risk of deceleration in
fetal heart beat, increased incidence of cesarean delivery
for fetal distress, and lower Apgar scores.21e25 However,
the precise correlation between the volume of amniotic
fluid and the incidence of stillbirth has been hard to esti-
mate. The appropriate management of otherwise non-
problematic pregnancy with abnormality in the volume of
amniotic fluid also remains uncertain.24,26 Thorough
examination and aggressive management of pregnancies
with oligohydramnios or polyhydramnios may help decrease
the risk of adverse fetal outcome.
In addition to the abovementioned prenatal factors,
adverse fetal outcomes among surveyed obstetrical
complications in this study also included: cord prolapse,
abruptio placenta, maternal fever, premature rupture of
membrane (PROM) over 12 hours, intrapartum hemorrhage,
meconium stain of liquor, placenta previa, and breech/
malposition of fetus. PROM with a latent period of more
than 12 hours emerged as the single best predictor for
stillbirth. PROM places a fetus at great risks of intrauterine
infection and probable cord compression due to decreased
amniotic fluid volume. The result of this report should rouse
the special attention of clinical practitioners regarding this
particularly high-risk population in order to prevent adverse
pregnancy outcomes. Treatment with amnioinfusion for
patients with PROM did not show enough evidence for
reducing caesarean section rate, incidence of low Apgar
scores, or neonatal death.26 Optimal management of PROM
depends on careful evaluation of clinical situation for each
case by experienced obstetricians.
Maternal medical diseases, despite comprehensive
prenatal care, increased the risks of stillbirth, similar to
previous reports.27e29 The higher incidence of stillbirth
observed among pregnant women who had received
amniocentesis, chorionic villus sampling, induction for
labor, tocolysis, or cervical cerclage may be to some extent
a reflection of the underlying maternal and fetal medica-
tion conditions. However, we also found decreased risks of
stillbirth among women with cephalopelvic dispropor-
tionate, poor labor progression, and prolonged labor in this
population-based study that were different from previous
reports.30e32 Our results may be attributed to the improved
perinatal health care system in modern society. We spec-
ulated the risk of stillbirth in pregnancy with cephalopelvic
disproportionate, poor labor progression, and prolonged
labor may be decreased after further perinatal manage-
ment including choice of Cesarean section as soon as these
conditions were diagnosed. The value of OR became insig-
nificant after the consideration of exclusion of cesarean
section (data not shown).
We found that aggressive fetal monitoring by ultraso-
nography and cardiotocography had marked protective
effects of reducing stillbirth. The public health implications
of these findings are substantial. Taiwan has a gross
domestic product (GDP) per capita of more than US $16,000
beyond the year 2006, and its public health care system has
improved greatly during the recent decade. The deaths ofmost stillbirth babies may be avoidable, as evidenced by
the low stillbirth rate of four per 1000 total births seen in
industrialized countries relative to stillbirth rates of 40 or
higher per 1000 total births seen in countries with the
poorest health care systems. We also found that hastened
parturition was less likely to result in stillbirth. Labor
augmentation is usually accomplished by artificial rupture
of membrane or oxytocin injection when active labor
becomes irregular and infrequent or the cervix stops
dilating. Decreased stillbirth risk among women who
underwent labor augmentation to hasten the delivery
processes may result from improved perinatal care or
intensive fetal monitoring. Further reduction of stillbirth
rate in high-income countries through applications of
surveillance and introduction of information to pregnant
women to increase maternal awareness of abnormal fetal
activity was reported in one cohort study.28 The improve-
ment of general prenatal health care accessibility during
the past decade in Taiwan may have marked impacts on
pregnancy outcomes. This study provided further clues for
identification of high-risk pregnancies and potentially
effective screening methods together with various prom-
ising interventions for these women.
There remain limitations to our study. The possibility of
residual confounding by unmeasured concomitant risk
factors or illnesses might be associated with maternal and
gestational outcomes, such as maternal nutritional status,
interpregnancy interval, or environmental tobacco expo-
sure. The variations of PAR for risk factors of stillbirth
between our study and previous studies may be due to
different prevalence of exposures in different population
settings and to accuracy in the estimation of the stillbirth
rate. The nationwide certification data for stillbirth
surveillance in our study may possess the best estimation
and lower the chance of inaccuracy.
We did not have information on detailed conditions and
severity of abnormal amount of amniotic fluid and could not
differentiate the effects of oligohydramnios from those of
polyhydramnios. Despite these limitations, this nationwide
population-based study may minimize the biases and
provide robust epidemiological evidence for advocating
better perinatal care.
In conclusion, this study demonstrated that the major
risk factors associated with stillbirths in Taiwan include
young and advanced maternal age, maternal history of
hematological disorders, oligohydramnios, polyhydramnios,
antepartum hemorrhage, and umbilical cord prolapse. Early
identification and appropriate perinatal management of
these factors are important issues in the promotion of
maternal and child health.
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